The purpose of these studies was to investigate the pattern and timing of preovulatory endocrine events, estrus and ovulation in Brahman • Hereford (F z ) heifers synchronized with norgestomet and estradiol valerate. In Exp. 1, 66 nulliparous and 191 primiparous Brahman • Hereford (F1) heifers were used to estimate the interval from norgestomet implant removal to onset of estrus. The mean interval from implant removal to onset of estrus was 29.8 -+ .5 h, with 80.9% exhibiting estrus within 48 h. Endocrine and reproductive characteristics were examined in detail during Exp. 2 with 37 primiparous heifers. Continuous observation for estrus, 6-h or 2-h blood sampling and ovarian palpation per rectum were employed. All animals were artificially inseminated 48 h after implant removal. Mean interval from implant removal to onset of estrus and to onset of the luteinizing hormone (LH) surge were closely related (r = .91 ;P < .0001). Mean intervals from implant removal to ovulation, onset of estrus to ovulation and onset of LH surge to ovulation were 59.1 -+ 2.5 h, 23.3 + 1.4 h and 23.1 -+ 1.6 h, respectively. Approximately 73% of heifers exhibited estrus within 54 h after implant removal (optimal timing); conception rate was 59.3% in this subgroup. Conception rate of heifers that did not exhibit estrus within 54 h after implant removal or exhibited an LH surge later than 12 h after estrus (delayed timing) was 10%. Assessment of plasma estradiol-1713 concentrations suggested that retarded selection and(or) maturation of the preovulatory follicle following implant removal delayed estrus and lowered conception in up to 28% of females timed-inseminated at 48 h.
Introduction
Artificial insemination (AI) offers beef cattle producers the opportunity for marked genetic improvement of their herds. Synchronization of estrus or ovulation is one method that can be used to increase the feasibility of using AI in beef cattle operations. The ultimate goal of estrous synchronization has been to synchro-1 Texas Agric. Exp. Sta. Tech. Article No. 22607; contribution to regional project W-112, Reproductive Performance of Domestic Ruminants.
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4 Reprint requests and correspondence. 5 Beef Cattle Reproduction Lab. Received August 18, 1987 . Accepted November 24, 1987 nize estrus and ovulation effectively, so that animals can be inseminated at a predetermined time without estrous detection. Partial attainment of this goal has been reached with regimens employing a synthetic progestogen (norgestomet) and estradiol valerate. Conception rates of over 50% to timed inseminations 48 h after norgestomet implant removal have been observed in Bos taurus cattle (Zaied et al., 1976; Kazmer et al., 1981) . However, conception rates in Brahman and Brahman crossbred cattle treated and inseminated similarly have been substantially lower (Waiters et al., 1984; Williams and Kovacik, 1987) . In the latter study, Brahman crossbred females inseminated approximately 12 h after naturally occurring estrus exhibited higher conception rates (59%) than those inseminated 48 h after norgestomet implant removal (46%). Dickinson and Randel (1986) reported a similar phenomenon in purebred Brahman heifers.
Asynchronism between the onset of estrus and the luteinizing hormone (LH) surge has 939 J. Anim. Sci. 1988. 66:939-946 been implicated in reduced fertility of cattle (Hansel et al., 1975; Erb et al., 1976) and swine (Tilton et al., 1982) . It is possible that the low fertility of females with Brahman influence to timed insemination after norgestomet-estradiol valerate treatment is due to similar types of asynchronism. However, detailed data on the endocrinology of this type of estrous synchronization, especially in crossbred females with Brahman influence, is scant. Therefore, objectives of the following experiments were to characterize the patterns and timing of endocrine events, estrus and ovulation associated with norgestomet-estradiol valerate synchronization in Brahman • Hereford females and to relate these profiles to fertility.
Materials and Methods
Experiment 1. This experiment determined the average interval and associated variation from norgestomet implant removal to onset of estrus in a group of heifers synchronized with SYNCRO-MATE-B| (SMB) 6 a commercially available combination of norgestomet and estradiol valerate. Sixty-six nulliparous and 191 primiparous Brahman • Hereford (F 1) or reciprocal cross heifers were subjected to SMB treatment. This consisted of an injection of 3 mg norgestomet and 5 mg estradiol valerate given at the time of insertion of a 6-mg norgestomet ear implant. The implant was removed after 9 d. Animals were part of other studies reported elsewhere that were primarily involved with the use of bulls for synchronized breeding (Williams, 1987) . Therefore, conception rates to 48-h timed insemination were not obtained. Nulliparous heifers were 15 to 17 mo of age, averaged (+ SE) 324 + 5 kg and had a mean body condition score of 5 -+ .01 (good to excellent) on a 1 to 9 scale (1 = emaciated; 9 = obese). Experiment 2. This experiment investigated the pattern and timing of endocrine events, estrus, ovulation and conception in heifers synchronized with SMB. Thirty-seven Brahman x Hereford primiparous heifers were tamed and acclimated to experimental conditions beginning about 45 d prior to treatment. All animals were at least 60 d postpartum and were exhibiting estrous cycles, as determined from twicedaily detection of estrus using epididymectomized bulls.
Animals were fed according to requirements for primiparous heifers in the first 3 mo of lactation (NRC, 1984) . Females were synchronized with norgestomet and estradiol valerate, as previously described, in groups of six to eight, with calves removed for 48 h at time 0 (implant removal). Blood samples were taken via jugular cannulas beginning at time 0 and at 6, 12 and 18 h thereafter. Beginning at 18 h after implant removal, blood samples were obtained every 2 h until 12 h after onset of estrus or 54 h after implant removal if estrus was not detected. Detection of estrus employing continuous observation and epididymectomized bulls began at 15 h after implant removal and continued until estrus or 54 h. Estrus was defined as standing while being mounted by the bull or by other heifers. When estrus was observed, animals were placed in a separate pen to facilitate detection of estrus in the remaining heifers. Ovaries were palpated per rectum at 6 h intervals beginning at estrus until detection of ovulation. If estrus was not detected by 42 h after implant removal, palpation began and continued every 6 h until ovulation or 72 h. At 48 h after implant removal all heifers were artificially inseminated and calves were returned to their dams. Ovaries were palpated per rectum 7 to 8 d after ovulation to verify the presence and location of corpora lutea (eL).
All blood samples were assayed for LH (Williams and Ray, 1980) to detect the occurrence of the preovulatory LH surge, lntraassay and interassay coefficients of variation were 10% and 21%, respectively. Six-hour samples taken during the first 18 h after implant removal and all 4-h samples until detection of estrus were assayed for estradiol-173 (E2) concentrations as previously reported (Williams and Ray, 1980) , with modifications according to Talavera et al. (1985) . Intraassay and interassay coefficients of variation were 10.6% and 14.5%, respectively. Samples taken at implant removal were assayed for progesterone (P4) concentrations to determine the presence of CL (Williams and Ray, 1980) . Samples were run in one assay with an intraassay coefficient of variation of 15%.
Statistical analyses were performed using procedures of SAS (1979) . An LH surge was defined as an increase in LH concentrations of at least two standard deviations (SD)above previous baseline that subsequently remained elevated above the previous baseline for at least 6 h. Means and SD were calculated for intervals among all variables. These included intervals from implant removal to onset of estrus, onset of the LH surge, peak LH and ovulation. In addition, we estimated intervals from onset of estrus to ovulation, from onset of LH surge to ovulation and peak LH value to ovulation. Changes in mean E2 and LH concentrations over time were determined by split-plot analyses of variance using the General Linear Models Procedure of SAS (1979) . The relationship between the timing of the preovulatory LH surge and estrus was determined by Product Moment Correlation procedures. Student's t-test was employed for comparisons involving cows classified by E2 concentrations (Ott, 1984) . Chi-square analysis was used to test for differences in conception rates between groups of cows categorized according to time of onset of estrus (Ott, 1984) . 25 v
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Experiment i. The mean (+ SE) interval U, from implant removal to onset of estrus was 29.8 + .5 h, with a range of 7 to 48 h. Means ~ is for primiparous and nulliparous heifers were v 30.7 -+ .9 h and 29.4 + .6 h, respectively, and .z, lo did not differ (P > .05). Two hundred eight of ..o 257 animals (80.9%) displayed standing estrus ~ 5 within the 48-h observation period. This is similar to the findings of Spitzer et al. (1978) in heifers without Brahman influence. In another study, Williams and Kovacik (1987) reported that 8.7% of those animals that conceived to a 48-h timed insemination did not exhibit estrus in the 48-h observation period. Therefore, we assume that at least a portion of animals in the current study exhibited estrus later than 48 h after implant removal or ovulated without full expression of estrus. Of animals exhibiting estrus during the observation period, 79% did so in a 15-h period from 15.5 to 35.5 h after norgestomet implant removal (Figure 1) .
Experiment 2. Mean intervals from implant
removal to onset of estrus, to onset of the LH surge and to peak LH concentrations are shown in Table 1 . Intervals from implant removal to onset of estrus and to onset of the LH surge were positively correlated (r = .91; P < .0001). Of the heifers that displayed standing estrus, 82% exhibited an LH surge within 6 h of onset of estrus (Figure 2 ). Three heifers were assumed to have had an LH surge later than 12 h after onset of estrus because they exhibited estrus and ovulated, but they did not exhibit an LH surge during the sampling period. One of these three conceived to the artificial insemination. This variability was similar to that observed by Kazmer et al. (1981) in dairy heifers synchronized with norgestomet and estradiol. Based on the low frequency of asynchronism observed in our study, we conclude that timing of the LH surge relative to estrus is not a major contributor to the low fertility reported for 48-h timed insemination.
Mean intervals from implant removal to ovulation, from onset of the LH surge to ovulation and from peak LH to ovulation, are presented in Table 1 bETOV, LHTOV and PLHTOV are intervals from onset of estrus, from onset of LH surge and from peak LH value to ovulation, respectively.
to ovulation was similar to that reported by Louis et al. (1974) in dairy animals synchronized with prostaglandin (PGF2a) and to that reported by Chenault et al. (1974) and Hall et al. (1959) in dairy females at the naturally occurring estrus. Mean interval from onset of the LH surge to ovulation was similar to that reported by Randel (1976) , Louis et al. (1974) and Refsal and Seguin (1980) in breeds without Brahman influence synchronized with PGF20 t or with its various analogues. Eighty-four percent of heifers in which both ovulation and estrus were detected ovulated in a 15-h period from 15 to 30 h after the onset of estrus (Figure 3 ).
Estradiol and LH for three individual heifers representative of the types of patterns seen are presented in Figure 4 . Heifer A demonstrated a distinct peak in E2 concentrations within 12 h after implant removal. Heifer B had relatively low E 2 concentrations at implant removal, which continued to increase until occurrence of the LH surge. Heifer C had elevated E2 concentrations at implant removal, which increased only marginally, then declined or remained static until the LH surge. Approximately 73% of the heifers exhibited patterns similar to those of animals A and B.
Variation in E 2 concentrations were related to timing of reproductive events in heifers (1) (1) Table 2 for description.
b'CMeans within rows without a common superscript differ (P < .025).
d'eMeans within rows without a common superscript differ (P < .01).
f'gMeans within rows without a common superscript differ (P < .10). exhibiting estrus and an LH surge within 54 h. Animals in this category were considered to have optimal timing of reproductive endocrine eventstTable 2). However, even in this group an arbitrary, but natural, break between heifers exhibiting E 2 concentrations above or below 9 pg/ml at implant removal was observed. Estrus, onset of the LH surge and ovulation occurred earlier (P < .01 to P < .10) in animals with E 2 above 9 pg/ml than in those with E 2 Iess than 9 pg/ml at implant removal (Table 2) . Nevertheless, there was no difference (P > .05) in conception rates between the two groups. Evidently, the difference in timing of endocrine and reproductive events was not sufficient to affect conception rates. Overall conception in this study was 46%. For the optimal timing group described above, conception was 59.3%. Data in Table 3 illustrate the effect of failure to exhibit estrus within 54 h or to exhibit an LH surge within 12 h of onset of estrus on conception rates to 48-h timed insemination. These heifers were categorized as delayed. Conception was 10% for this group (one animal conceived). The group consisted of two heifers that exhibited estrus later than 54 h after implant removal, five that were not observed in estrus, and three that had an LH surge later than 12 h after estrus. Zaied et al. (1976) , Spitzer et al. (1978) and Kazmer et al. (1981) found conception rates similar to those of the optimal timing group in cattle without Brahman breeding. It is apparent that heifers that displayed estrus later than 54 bEstrus < 54 h after implant removal and LH surge within 12 h after onset of estrus.
C'dMeans within columns with different superscripts differ (P < .05).
h after implant removal or not at all, and heifers that had an LH surge later than 12 h after onset of estrus, accounted for a major portion of those animals that exhibited low fertility to 48-h timed insemination. However, one of the three heifers that displayed an LH surge later than 12 h after onset of estrus conceived at the timed insemination. Due to low frequency of occurrence of asynchronism between estrus and the LH surge, most of the lowered fertility at the timed insemination occurred in heifers with delayed estrus. All the heifers in the delayed timing group had regressing (< i ng/ml) or regressed CL at implant removal based on analysis of P4 concentrations in plasma samples taken at that time. Therefore, persistent CL did not account for failure to exhibit estrus. Mean concentrations of LH and E 2 until 28 h after implant removal, but prior to the LH surge, in heifers exhibiting optimal and delayed timing of reproductive events are shown in Figure 5 . A marked increase (P < .05) in mean basal LH concentrations occurred from 18 to 28 h after implant removal in the optimal group, but not in the delayed group (P > .05). An unambiguous rise (P < .05) in mean E 2 concentrations was observed in the optimal group up to 12 h after implant removal ( Figure  5 ). This rise did not occur in the delayed group, and E 2 concentrations were markedly lower (P < .0001) than those observed for heifers in the optimal group.
The precise factors that contributed to lowered secretion of E 2 and delay of events leading to estrus and ovulation in the delayed timing group are unknown. However, and Middleton et al. (1985) suggested that stage of the estrous cycle at the time of implantation affects conception rates to 48-h timed insemination. In those studies, cows implanted late in the estrous cycle had lower conception rates. However, in our experiment, mean day of the estrous cycle on which implants were inserted did not differ (P > .05) between optimal (11.8 + 1. . Mean (+-SE) concentrations of estradiol-17/~ and luteinizing hormone during the first 28 h after norgestomet implant removal and prior to the luteinizing hormone surge in heifers exhibiting optimal (top panel) and delayed (bottom panel) timing of reproductive endocrine events. An adequate number of samples was not available for luteinizing hormone and estradiol-17B analyses at 0 h in all cases. from implant removal to onset of estrus for heifers started on SMB treatment before d 11 (35.3 + 3.8 h) of the estrous cycle was not different (P > .05) from that of heifers started after d 11 (33.1 + 3.4 h). Finally, there was no difference (P > .05) in conception rates between heifers started on SMB treatment before d 11 of the cycle (46%) vs after d 11 of the cycle (43%) in the current study.
Estradiol 17-/3 concentrations (11 pg/ml)at implant removal in the optimal timing group were somewhat higher than those that would be expected to occur during the period approaching a naturally occurring estrus (Chenault, 1974; Kotwica et al., 1982) This supports the findings of Troxel et al. (1980) , who observed a similar phenomenon.
Data from Exp. 1 and 2 indicate that a portion of Brahman • Hereford heifers synchronized with SMB exhibit estrus at some time after the appointed time of insemination at 48 to 54 h after implant removal. This is consistent with the findings of Williams and Kovacik (1987) in Brahman crossbred females and with those of Spitzer et al. (1978) in Bos taurus. The exact percentage of cattle that exhibited estrus following the 48-h timed insemination is not known. Based on data from Exp. 2, the frequency with which Brahman • Hereford heifers exhibit delayed or no estrus is of sufficient magnitude to markedly reduce conception rates to insemination at 48 h. Additionally, data from Exp. 2 suggest that timing of the LH surge, estrus and ovulation are related to patterns of E2 secretion, which is considered to be an indirect indicator of follicular growth during the preovulatory period (Ireland and Roche, 1982; Spicer and Echternkamp, 1986) . Therefore, we conclude that low fertility to a single insemination at 48 h in heifers that display late or no estrus may be due to delayed follicular growth and maturation. In our studies, this delay occurred in 19% to 28% of all animals.
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